ABSTRACT This study was conducted to characterize the pink pigments associated with storing presalted (2%) and ground turkey breast trim at different processing conditions. Four treatments included: treatment (no NaCl, stored for 7 d before being cooked), treatment 2 (NaCl added and stored for 7 d before being cooked), treatment 3 (NaCl added and immediately cooked), and treatment 4 (stored for 7 d before NaCl added and cooked). All treatments were cooked to 4 endpoint temperatures (71.1, 73.9, 76.7, and 79.4 • C). Processing conditions affected the pink defect in cooked ground turkey breast. Undenatured myoglobin in salted meat (treatment 2, 3, 4) still remained (17 to 19%) after cooking. Salted and stored ground turkey (treatment 2) produced a cooked product with the most reducing condition (lowest oxidationreduction potential, ORP) and one of the most red coloration (CIE a * values). Final internal temperature had limited effects on pigment properties. ORP was similar across cooking temperatures but CIE a * values decreased with temperature. Even at 79.4
INTRODUCTION
Cooked, uncured turkey occasionally exhibits an undesirable pink color even when cooked to temperatures ensuring food safety. Consumers may interpret the pink discoloration as an indication the product was undercook and is unsafe to eat. Therefore, this defect can result in serious economic losses to the retailers, processors, and producers of poultry products (Holownia et al., 2003; Min and Ahn, 2012) . Researchers have reported that numerous factors influencing the pink color defect of poultry meat that include: nitrite or nitrate contaminations, nitrogen dioxide, exhaust fumes, oxidation-reduction potential, cytochrome c, hemochrome formation, and irradiation (Mugler et al., 1970; Cornforth et al., 1986; Ahn and Maurer, 1987; Trout, 1989; Ahn and Maurer, 1989c; Ahn and Maurer, 1990b; Cornforth et al., 1998; Nanke et al., 1999; Holownia et al., 2003; King and Whyte, 2006; Ahn et al., 2013 Endpoint cooking temperature can affect the pigment state, thereby contributing to the color of cooked meat products. Generally, higher cooking temperature results in a reduction of redness in the cooked product, and this decrease could be caused by myoglobin and hemoglobin denaturation (Helmke and Froning, 1971; Girard et al., 1989; Davis and Franks, 1995) . However, cytochrome c might be the prevalent pigment causing pink color in cooked products even though the cooking temperature is high enough for myoglobin denaturation (Girard et al., 1989 , Girard et al., 1990 Ahn and Maurer, 1989c) . Furthermore, Claus et al. (1994) noted that higher endpoint temperature may be attributed to the pink defect formed by nicotinamide-denatured globin hemochromes in cooked turkey products. Conversely, inadequate heat processing can contribute to the pink color associated with undenatured meat pigments (Trout, 1989; Ghorpade and Cornforth, 1993) . Many ingredients are commonly added to processed meat prior to cooking, and sodium chloride (NaCl) is one of the most used in meat industry. Relative to the meat pigments, added salt can significantly decrease the heat stability of myoglobin. (Trout, 1989; Ahn and Maurer, 1989c) . Trout (1989) found that the presence of NaCl increased the percent myoglobin denatured in the cooked ground beef at 667 most temperatures studied. However, added NaCl can solubilized myofibrillar proteins, which potentially can interact with heme pigments in the meat upon heat denaturation to form heme-complexes, leading to a pink defect development (Ahn and Maurer, 1989a) . Unlike with myoglobin, when the temperature is 80
• C or higher in the presence of NaCl, cytochrome c becomes more heat stable (Ahn and Maurer, 1989c) and is recognized to be responsible for the residual pink in poultry breast meat (Girard et al., 1990; Froning, 1995) .
Since factors influencing the pink color defect in cooking meat products are very complex and various, some researchers have evaluated the ability to control pink color development using different non-meat ingredients (Slesinski et al., 2000a,b; Claus, 2003, 2007) . However, a challenge with studying the pink color defect is its sporadic occurrence commercially. To overcome this problem, many have created a pink defect by adding nitrite, nicotinamide, or other pink-generating ligands (Ahn and Maurer, 1989a; Ahn and Maurer, 1990a; Claus et al., 1994; Schwarz et al., 1997; Slesinski et al., 2000a,b) . Although this has value, it may not be indicative of the actual sporadic pink pigment. Based on unpublished industry observations, storage of ground turkey appeared to be more prone to causing a pink defect, particularly when presalted. If a pink color persists in products reaching desired cooking temperature, processors often suspect that nitrite, nitrate, or nitric oxide contamination of product or ingredients has resulted in a pink, cured meat reaction (Cornforth et al., 1991) . Although nitrite and nitrate are unintentionally added during product processing, some of these substances could originate from the dietary feed or chill water in the production of poultry and have been found in raw fresh meat (Froning et al., 1969; Mugler et al., 1970; Nash et al., 1985; Ahn and Maurer, 1987; Maga, 1994) . Ahn and Maurer (1987) reported that nitrate concentration ranged from 3.8 to 21 ppm in raw turkey breast meat, but nitrite levels ranged from 0 to 0.7 ppm. They concluded that if naturally present at a high amount of nitrate and combined with a long storage period before cooking, sufficient microbial conversion of nitrate to nitrite could contribute to the development of a pink color in cooked products. However, Cornforth et al. (1986) determined the pigment responsible for the pink defect in commercially prepared uncured turkey rolls and found that the pink defect did not result from nitrite contamination but the formation of reduced hemochromes, possibly nicotinamide-denatured globin hemochromes. In addition, Cornforth et al. (1993) attempted to investigate the effect of various fresh meat storage methods on the color of cooked ground pork, and concluded that microbial growth during refrigerated storage of raw meat was not a cause of red discoloration in cooked pork products manufactured under commercial situations.
Although considerable research on the various factors associated with the pink color defect has been conducted and revealed numerous mechanisms, insufficient information is available concerning the effects of fresh meat storage and the timing of salt addition on pink color formation and thus represents the main research objective. Furthermore, this research will establish if a pink color defect (natural pink) can be reproduced without the addition of a pink-generating ligand in fully cooked ground turkey breast products, which would be beneficial for future studies.
MATERIALS AND METHODS

Raw Material Preparation
Fresh ground turkey breast trimmings (1 d postmortem, 0.64-cm plate) were obtained from Jennie-O Turkey Store. Raw material was overnight shipped in insulated coolers and refrigerated (2 to 3
• C) until use. Four separate replications of ground turkey breast were received and used for this research. From each replication, a representative sample of raw ground turkey was used for pH determination and residual nitrite content analysis. Immediately following delivery, the ground turkey trimmings were randomly separated into 4 individual batches (3 kg) depending on processing conditions which included: treatment 1 (no NaCl, stored for 7 d before being cooked), treatment 2 (NaCl added and stored for 7 d before being cooked), treatment 3 (NaCl added and immediately cooked), and treatment 4 (stored for 7 d before NaCl added and cooked). At the time of salt (2%, meat weight basis) addition, the ground meat was mixed (Model A120T, Hobart Corporation, Troy, OH) for 3 min before being vacuum-packaged (Item #75001875, Prime Source Vacuum Pouches, KOCH Supplies Inc., Kansas City, MO; Model EASY-PACK, Koch Supplies Inc., Kansas city, MO) at 9 vacuum dial setting and stored under refrigerated temperature (2 to 3
• C) prior to being mixed or stuffed. Treatments not requiring storage were not vacuum-packaged. At the designated day (d 6: treatment 1, 2, 4; d 0: treatment 3), ground meat was stuffed into conical centrifuge tubes (approximately 50 g each). The tubes were centrifuged at 2,000 × g for 10 min (Model J-6 M, Beckman Instruments Inc., Palo Alto, CA) to remove air pockets. All samples were stored overnight at 2 to 3
• C and cooked to 4 different endpoint temperatures (71.1
• C, 73.9
• C, 76.7
• C, and 79.4
• C) in a 90
• C water bath (Isotemp 228; Fisher Scientific, Pittsburgh, PA). The temperature was monitored by randomly placing 5 thermocouples attached to a 12-channel thermocouple scanner (Model #92,000-00; Cole Parmer Instrument, Barrington, IL) in the center of extra samples throughout the water bath. Before cooking, 2 tubes were randomly selected from each processing condition and were analyzed for myoglobin content. After cooking, the samples were immediately cooled in ice for 20 min and stored at 2 to 3
• C overnight in the dark until further analysis. . Two slices were cut parallel to the longitudinal axis of each cooked ground turkey breast sample and 3 measurements were taken per slice. An ultraviolet/visible scanning spectrophotometer (Model UV-2401 PC; Shimadzu Corporation, Kyoto, Japan) base-lined using a white calibration plate (L * 97.06, a * -0.14, b * 1.93) was used to read reflectance from 400 to 700 nm with 1-nm increments. Four reflectance readings were taken on each cooked ground turkey sample. Nitroso hemochrome (rNIT) was estimated using the percent reflectance (%R) ratio, %R650 nm/%R570 nm where a higher value indicated more pigment (AMSA, 1991) and nicotinamide hemochrome (rNIC) was estimated by the percent reflectance ratio of %R537 nm/%R553 nm where a higher value equaled more pigment (Schwarz et al., 1998) .
Instrumental Color and Pigment Determination
Cooking Yield, pH, and Oxidation-Reduction Potential (ORP) Determination
Stuffed ground turkey meat samples were weighed prior to cooking to determine raw sample weight. Cooked weights were measured prior to color measurements to determine yield. Cooking yield was calculated as: [cooked sample weight/raw sample weight] × 100. A pH electrode (910600; Thermo Orion, Beverly, MA) attached to a pH meter (Accumet AR50, Fisher Scientific, Pittsburgh, PA) was used to measure pH on a 10 g raw meat or cooked turkey samples homogenized in 50 mL of distilled, deionized water. Oxidation-reduction potential (ORP) was measured on cooked turkey products following the modification of Cornforth et al. (1986) and John et al. (2005) . A sample (10 g) from each turkey product was homogenized (Polytron Model PT10-35, Kinematica AG, Luzernerstrasse, Switzerland) with 20 mL 0.1 M sodium carbonate for 15 s at 13,000 rpm. 50 μL butylated hydroxytoluene (BHT, 7.2% in ethanol) was added to minimize sample oxidation during blending. The ORP values were determined after 3 min of stabilization using a platinum Ag/AgCl combination electrode (Model 13-620-81, Fisher Scientific Inc., Houston, TX) attached to the pH meter set to the millivolt scale.
Myoglobin Content and Percentage Myoglobin Denaturation (PMD) Determination
Myoglobin (Mb, undenatured) was extracted from both uncooked or cooked turkey breast products using a procedure by Warriss (1979) and Trout (1989) . Meat samples (5 g each) were blended with 4 volumes of cold 0.04 M phosphate buffer at pH 6.8 for 20 s in a homogenizer (Polytron Model PT10-35, Kinematica AG, Luzernerstrasse, Switzerland). After storage at 4
• C for 1 h, the mixtures were centrifuged (Model L8-70MW Ultracentrifuge, Beckman Instruments Inc., Palo Alto, CA) at 5,000 × g at 4
• C for 30 min. The supernatants were further clarified by filtration through Whatman No. 1 filter paper and absorbance was determined at 525, 572, and 700 nm (Krzywicki, 1979) using a UV/VIS spectrophotometer (Model UV mini 1240, Shimadzu Corporation, Kyoto, Japan). Mb and percentage myoglobin denaturation (PMD) were calculated using the following absorbance (A) formulas (Trout, 1989) : Mb (mg/g) = (A525 -A700) × 2.303 × dilution factor, PMD = [1 -(Mb concentration after heating/Mb concentration before heating)] × 100.
Nitrite, Nitroso Hemochrome, and Total Pigment Analysis
Representative fresh ground turkey samples from each replication and cooked products from processing conditions or endpoint cooking temperature were analyzed for residual nitrite by the method of AOAC (2000) . Nitroso hemochrome and total pigments were measured on cooked turkey samples after extraction in 80% acetone and acidified acetone (Hornsey, 1956 ). For nitroso hemochrome determination, 10 g of cooked turkey product were blended with 40 mL acetone and 3 mL distilled, deionized water using a homogenizer (Polytron Model PT10-35, Kinematica AG, Luzernerstrasse, Switzerland). The homogenized samples were kept in the dark for 15 min before the absorbance measurement. The homogenate was filtered through a Whatman No. 1 filter paper, and then absorbance at 540 nm (A540) was determined on the filtrate using a spectrophotometer (Model UV mini 1240, Shimadzu Corporation, Kyoto, Japan). Nitroso hemochrome concentration (ppm) = A540 × 290. For total pigment measurement, 10 g cooked samples were blended with 40 mL acetone, 1 mL HCl, and 2 mL distilled, deionized water and kept in the dark at cold temperature (2 to 3
• C) for 1 h and then filtered through a Whatman No. 1 filter paper. Absorbance was measured at 640 nm (A640). Total pigment concentration (ppm) = A640 × 680.
Statistical Analysis
The experimental design was a split plot with 4 different processing conditions (Treatments) representing the whole plot factor and 4 endpoint cooking temperatures (71.1
• C) representing the split plot factor. The fixed effects for processing conditions and endpoint temperature, and their interaction were performed using PROC MIXED Model of SAS (SAS Institute, 2000) . Dependent variable means were separated (P < 0.05) by pairwise comparisons using the pdiff option (SAS Institute, 2000) . The experiment was replicated 4 times.
RESULTS AND DISCUSSION
The purpose of this study was to characterize the pink pigments ("natural" pink) associated with storing presalted and ground turkey breast without the addition of pink-generating ligands such as nitrite or nicotinamide. The only 2-way interaction (treatment × endpoint temperature) was observed for cooking yield. Therefore, the results will be discussed based on the main effect (treatment or endpoint temperature) except for cooking yield in cooked ground turkey.
pH Determination and Residual Nitrite Content for Raw Ground Turkey Breast
The raw ground turkey breasts had an average pH value of 5.97 (standard deviation, 0.08). The ground turkey breast used in this research contained 0.07 ppm residual nitrite (standard deviation, 0.02 ppm) for all 4 replications, indicating that the "natural" (not intentional) level of nitrite remained constant. This result was similar to the work done by Ahn and Maurer (1987) , who observed concentrations of nitrite in raw turkey breast meat ranging from 0 to 0.7 ppm.
Processing Conditions (Treatment) Effect
Processing conditions affected many dependent variables associated with naturally developed pink color in cooked ground turkey breast products (Table 1) .
Processing conditions (treatment) affected CIE L * a * b * values in cooked ground turkey breast. Samples with added salt and stored (treatment 2) or stored prior to addition of salt (treatment 4) were more (P < 0.05) red (higher CIE a * values) than treatment 1 and 3 (Table 1 ). It appears that there may be a synergistic effect with the combination of salt and storage for the pink color defect in cooked ground turkey breasts. In addition, products without salt and stored (treatment 1) were higher CIE a * values compared to treatment 3. The results of this study indicate that storage of raw turkey under anaerobic condition prior to cooking, rather than the timing of salt addition, may be responsible for the prevalence of the pink color defect in cooked ground turkey. Nevertheless, the CIE a * values of all treatments were indicative of those found in pink products reported by Claus et al. (1994) .
CIE L * (Lightness) values of ground turkey breast were 81.69, 76.50, 76.60, and 76.46 for treatments 1, 2, 3, and 4, respectively, and the standard error was 0.35 across the treatments. Treatment 1 had the lightest value (P < 0.05), but no differences in lightness (P > 0.05) were found among the salt-containing products (treatment 2, 3, and 4). Also, CIE b * (yellowness) values were 9. 67, 8.25, 8.89, and 8.47 for treatment 1, 2, 3, and 4 (standard error = 0.29). The highest CIE b * value was observed for treatment 1 followed by treatment 3 and the lowest for treatment 2 and 4. The results for a decrease in CIE L * and CIE b * values by added salt in treatment 2, 3, and 4 were similar to those of Ahn and Maurer (1989a) in that NaCl decreased both Hunter L and b values in oven-roasted turkey breast.
Nitrite can be reduced to nitric oxide, which reacts with the heme ring of myoglobin and forms nitroso 1 Indicators of pink color: CIE a * (higher value more red), rNIT (reflectance estimator of nitroso hemochrome, %R650nm/%R570nm, higher ratio more), rNIC (reflectance estimator of nicotinamide hemochrome, %R537nm/%R553nm, higher ratio more).
2 Other dependent variables: ORP (oxidation-reduction potential), Mb (amount of undenatured myoglobin), PMD (Percentage myoglobin denaturation).
3 Treatments: Treatment 1: no salt, stored for 7 d before being cooked; Treatment 2: added NaCl and stored for 7 d before being cooked; Treatment 3: added NaCl and immediately cooked; Treatment 4: stored for 7 d before NaCl added and cooked.
a-d Means within a column with unlike superscript letters are different (P < 0.05).
hemochrome upon cooking (Fox, 1987) , thereby promoting the pinking. Nitroso hemochrome is an expected heat-stable pink pigment found in cured meat products in which nitrite is purposefully added at levels to assure the formation of this pigment. Nitroso hemochrome can also form at very low concentrations of nitrite (1 ppm nitrite), and produce a red color in uncured turkey products (Ahn and Maurer, 1987) . In this study, in the absence of salt, treatment 1 had the most (P < 0.05) nitroso hemochrome. Nitroso hemochrome content did not differ (P > 0.05) among the treatments containing salt (Table 1) and they did not appear to have any relationship with the residual nitrite results. It appears that salt could somewhat influence on the endogenous or bacterial enzymatic reducing ability to convert nitrite to nitric oxide (Walters and Taylor, 1964) , and thus natural reducing enzymes under the absence of salt would be more active to reduce nitrite to nitric oxide. Salt has been known to inhibit the microbial growth (Sebranek, 2009; Doyle and Glass, 2010) . Therefore, for ground turkey meat without salt and with storage (treatment 1), more nitrate may have undergone reduction by bacterial to nitrite and subsequently to NO. Another possible explanation for the highest nitroso hemochrome content for treatment 1 might be a result from a lower pH value in this study. It has been shown that reduced pH accelerates the conversion of nitrite to nitric oxide (Fox, 1966; Fox et al., 1967; Fox, 1974; Cassens et al., 1978) , and consequently the formation of more nitroso heme pigment and therefore less residual nitrite would be expected, which supports results. Although treatment 2 and 4 were found to have higher CIE a * values, the nitroso hemochrome content in this study did not clearly follow the same trends as the CIE a * results. However, from this discrepancy between CIE a * values and nitroso hemochrome, the results in our study indicate that nitroso hemochrome induced by nitrite in raw turkey meat did not contribute significantly to the development of spontaneous pink color in cooked ground turkey breast. The CIE a * measurement is not able to differentiate the contribution of various pigments (fresh pigments, nicotinamide hemochrome, denatured protein hemochromes, or nitroso hemochrome) that can contribute to the red color of meat (Schwarz et al., 1999) . Furthermore, higher nitroso hemochrome content may not always be the primary pigment responsible for the pink defect of cooked uncured turkey. Cornforth et al. (1986) reported on a study to identify the pigments responsible for the pink defect in commercial uncured turkey rolls. They did not find any residual nitrite or nitroso hemochrome and concluded that the pink defect in commercial product was not due to nitrite contamination.
The reflectance ratio associated with rNIT was used as an estimator of nitroso hemochrome. The results of this reflectance measurement did exhibit the similar trends as the chemically extracted nitroso hemochrome (Table 1 ). In this case rNIT results were not different between the control and treatment 2.
Nicotinamide is found in turkey at relatively high concentrations (Richardson et al., 1980) and can form complexes with the heme-containing pigments (Cornforth et al., 1986; Schwarz et al., 1998; Slesinski et al., 2000b) . The reflectance estimator of nicotinamide hemochrome, rNIC ratio, was the highest (P < 0.05) for treatment 2, followed by treatment 4 and treatment 3, and was the lowest (P < 0.05) for treatment 1 (Table 1) . This result followed a general trend similar to the ORP in our study. Cornforth et al. (1986) reported that the formation of nicotinamide hemochrome is promoted by reducing conditions.
The pH values of treatments 2, 3, and 4 were higher (P < 0.05) than those of treatment 1 but were similar (P > 0.05) to each other ( Table 1 ). The higher pH was likely caused by the effect of added salt. This result was similar to that reported by Holownia et al. (2004) . Color and pigments characteristics in cooked poultry meat are pH dependent (Fox and Thomson, 1963; Trout, 1989) . Therefore, such pH differences in cooked ground products may be responsible for significant effects on nitroso hemochrome and PMD in this study (Table 1) .
When ground turkey meat was salted and stored (treatment 2), the cooked product had the most (P < 0.05) reducing condition (lowest ORP) whereas treatment 1 had the least (Table 1) . Treatment 3 and 4 had more negative ORP values compared to treatment 1 but were similar (P > 0.05) to each other. This outcome may be related to the addition of salt in the meat during processing and related to the higher pH for treatments 2, 3, and 4 which promoted reducing conditions (more negative ORP values). According to Atonini and Brunori (1971) , at high pH, the oxidation-reduction potential is favorable for generating more reducing conditions. Also, NaCl has been reported to decrease the ORP of ground turkey breast samples, which increases the likelihood of undenatured pigments and formation of hemochromes, thereby promoting pink color generation in cooked turkey breast (Ahn and Maurer, 1989b) . Holownia et al. (2004) reported that normal colored chicken breast formulated with 1% NaCl had more negative ORP values compared with a control (no added any ingredients). They also concluded that a more negative ORP is one of the in situ conditions for cooking meat that is favorable for pinking without the presence of sodium nitrite.
Although in this study nitrite was not intentionally added into raw ground turkey breast during processing, in comparison to the raw baseline level of nitrite (0.07 ppm), an increase in nitrite was observed ranging from 0.28 ppm to 1.26 ppm in the cooked products (Table 1) . Ahn and Maurer (1987) reported concentrations of nitrate in raw turkey breast ranging from 3.8 to 21 ppm. Although our study did not measured nitrate content, an increase in residual nitrite in the cooked products could be due to the conversion of nitrate to nitrite in the meat under reducing condition by sulfhydryl groups released during cooking (Forrest et al., 1975) . In our study, residual nitrite content was higher (P < 0.05) for treatment 3 compared to other treatments, and treatments 2 and 4 had higher (P < 0.05) residual nitrite content than treatment 1. From these results it could be speculated that added salt coupled with a higher pH might limit for reduction of nitrite to nitric oxide (Prusa and Kregel, 1985; Ahn and Maurer, 1989a) , thereby resulting in higher residual nitrite in cooked ground turkey breasts containing salt (treatment 2, 3, 4) whereas limiting nitroso hemochrome formation as observed in this study (Table 1) . On the other hand, treatment 1 had an opposite result. Furthermore, treatment 3 had the highest residual nitrite content that may be related to the storage time prior to cooking. During processing of treatment 3, ground turkey meat that was exposed to oxygen during mixing with salt did not have the storage time as the other treatments for the meat to become more anaerobic and the presence of oxygen in meat would restrict the conversion of nitrite to nitric oxide.
Before cooking on the designated day, Mb content of ground turkey breast was 0.70 mg/g, 0.67 mg/g, 0.75 mg/g, and 0.70 mg/g for treatments 1, 2, 3, and 4, respectively, and the amount was not different (P > 0.05; SE = 0.05) across the treatments. As expected, compared to uncooked turkey breast, the amount of undenatured Mb was reduced considerably in the cooked products ranging from 0.09 mg/g to 0.13 mg/g (Table 1 ). Treatment 1 had the lowest (P < 0.05) Mb content and the greatest (P < 0.05) PMD (Table 1) . However, treatments 2, 3, and 4 were similar (P > 0.05) to one another in Mb content and PMD. In this study, the lowest Mb content for treatment 1 was probably affected by lower pH value. According to Ghorpade et al. (1992) , total extractable myoglobin (Mb) of cooked bratwurst was affected by the pH value. They reported that at pH 5.5, 0.48 mg Mb/g was extractable but highest extractable myoglobin levels (2.72 mg Mb/g) were found when sample pH was increased to 6.5. Trout (1989) also found that pH had the greatest effect on PMD and PMD decreased with increasing pH. Presence of salt is known to destabilize myoglobin resulting in greater heat denaturation (Trout, 1989; Ahn and Maurer, 1989b) . Nevertheless, undenatured Mb in saltcontaining treatments (treatment 2, 3, 4) still remained (16.8 to 18.6%) after cooking. This undenatured pigment may cause a pink color in cooked meat as was reported by Girard et al. (1989) and Ghorpade and Cornforth (1993) .
Total pigment content was lowest (P < 0.05) for treatment 2 and 4, whereas the highest (P < 0.05) was observed for treatment 1 (Table 1 ). This agrees with the work done by Ahn and Maurer (1989a) , who found that total pigment in oven-roasted turkey breast was reduced by salt addition. They speculated that less conversion of nitrite to nitric oxide may have resulted in less nitrosylmyoglobin or hemoglobin formation. As a result, less nitrosoheme pigment formation could be the primary cause of low total pigment. However, Holownia et al. (2004) found that chicken breast samples treated with 1% salt had the same total pigment compared to the control (no salt added) among the no nitrite treated samples.
Endpoint Temperature Effect
To determine the temperature effect on color and pigment properties in cooked ground turkey breast, all samples for each processing treatment were cooked to 71.1
• C, respectively. Endpoint internal temperature had limited effects on cooked ground turkey breasts. Regardless of treatments, cooking temperature did not result (P > 0.05) in differences in pH, ORP, and residual nitrite (Table 2) .
Mb content or PMD was affected by endpoint temperature as indicated by the highest mean (P < 0.05) or the lowest (P < 0.05), respectively, for turkey breast samples cooked at 71.1
• C (Table 2) . However, no differences (P > 0.05) in Mb content and PMD were observed across other temperatures tested. These results disagree with those of Trout (1989) , who observed that the amount of denatured myoglobin in turkey breast meat increased as endpoint cooking temperatures increased from 55 to 83
• C. This disagreement could be due to differences in processing conditions used and the fact that they tested a broader temperature range. Interestingly, even when cooked at 79.4
• C, approximate 15% undenatured myoglobin still remained. Undenatured pigments (myoglobin, hemoglobin, cytochrome c) can contribute to the color of cooked meat. Ghorpade and Cornforth (1993) reported that undenatured myoglobin was responsible for the pink color of pork roasts cooked to 65
• C. Girard et al. (1989) found that a residual pinkness consistently remained in turkey or porcine muscles cooked to temperatures of 80 to 85
• C due to heat stable pigments. Also, Girard et al. (1990) attempted to characterize the residual redness in well-cooked meat from turkey breast and pork loin, and concluded that , CIE a * (higher value more red), CIE b * (higher value more yellow), rNIT (reflectance estimator of nitroso hemochrome, %R650nm/%R570nm, higher ratio more), rNIC (reflectance estimator of nicotinamide hemochrome, %R537nm/%R553nm, higher ratio more).
2 Temperature: Internal temperature was achieved by cooking in a 90
• C water bath. a-c Means within a column with unlike superscript letters are different (P < 0.05).
a residual pink color in product cooked to 65 to 95
• C was caused by the presence of cytochrome c.
As expected, CIE L * values in ground turkey product generally increased with endpoint cooking temperature as was noted by Sammel and Claus (2003) , whereas, higher endpoint cooking temperature resulted in general trend toward lower CIE a * values (Table 3) . Similarly, Helmke and Froning (1971) and Davis and Franks (1995) reported that as endpoint cooking temperature increased from 60 to 82
• C, lightness increased but redness decreased in cooked turkey or broiler thigh meat. In our study, the samples at 71.1
• C had lower CIE b * values compared to those at 73.9
• C (Table 3) . These results are similar to those of Helmke and Froning (1971) , who found that yellowness in cooked turkey meat was not changed substantially by endpoint temperature from 60 to 82
• C. Claus et al. (1994) also reported that there were no differences in CIE b * values between turkey rolls cooked at 71, 74, and 77
• C, although the 80 • C treatment had the lowest value.
No differences (P > 0.05) in nitroso hemochrome or total pigments were observed among tested temperatures in cooked ground turkey products (Table 3) . However, the rNIT ratio generally decreased as the cooking temperature increased from 71.1
• C to 79.4
• C (Table 3) . It has been reported that increasing cooking temperature (80 to 85
• C) decreased nitroso hemochrome in samples without a pink-color-generating ligand (Sammel and Claus, 2003) . The rNIC means for the intermediate temperatures (73.9
• C and 76.7
• C) were greater (P < 0.05) than either the lowest or highest temperature (Table 3) . Sammel and Claus (2003) found that increasing endpoint cooking temperature reduced nicotinamide hemochrome in cooked ground turkey breasts. However, it has been speculated that at higher endpoint temperatures more of the myoglobin should have been denatured and, consequently, available for reaction with nicotinamide (Claus et al., 1994) .
Two-Way Interactions for Cooking Yield
Interaction effects of processing conditions and endpoint temperatures on cooking yield in cooked ground • C water bath. 2 Treatment: Treatment 1: no salt, stored for 7 d before being cooked; Treatment 2: added NaCl and stored for 7 d before being cooked; Treatment 3: added NaCl and immediately cooked; Treatment 4: stored for 7 d before NaCl added and cooked.
a-d Means within a row with unlike superscript letters are different (P < 0.05; SE, 0.68). Standard error of comparing overall mean was 0.64.
x,y Means within a column with unlike superscript letters are different (P < 0.05; SE, 0.68). Standard error of comparing overall mean was 0.64. turkey breasts are presented in Table 4 . Salted ground turkey products (treatment 2, 3, or 4) exhibited greater cooking yield (P < 0.05) than unsalted samples (treatment 1), which is likely due to the effect of added salt. In general, cooking yield decreased as cooking temperature increased. Similarly, Sammel and Claus (2003) reported that cooking yield in cooked ground turkey breast was significantly decreased for all ligand treatments (no ligand, nitrite, and nicotinamide) when endpoint cooking temperature was increased from 80 to 85
• C. Slesinski et al. (2000b) also found that ground turkey breast cooked to 80
• C generally had lower cooking yields than the 74
• C samples. Because the treatment without salt had the greatest cooking loss, this would also help explain why it had the lowest Mb content. Mb is a water-soluble protein which could be carried out in the cookout fluid.
In conclusion, processing conditions affected pink discoloration in cooked ground turkey breasts. Although a pink defect can occur because of inadequate thermal processing resulting in elevated levels of undenatured myoglobin as well as from inadvertent incorporation of nitrite or even nitrate, this research suggests that a synergistic effect between the storage of ground turkey and the presence of salt promote conditions associated with the formation of reduced nicotinamide-denatured globin hemochrome. Therefore, to reduce the formation of this pink pigment, processors should limit storage time before use of ground turkey to be used in salted, uncured products; or, if production practices necessitate storage, processors should consider redirecting such raw materials to cured products in which a pink cured color is an expected quality trait.
